Established alternatives are "basal wedging" of the median hinge of the neural tube (in which wedge-shaped cells are formed by basal localization of nuclei and "bsal relaxation" in chick otic vesicle invagination and Drosophila leg folds (in which wedging occurs by basal expansion due to actin disassembly). We investigated invagination of epithelia to form tooth buds, hair follicles, and mammary ducts. We discovered that here cell wedging is driven cell-extrinsically by contraction of overlying (suprabasal) tissue in a thickening placode. In this "canopy contraction" mechanism, contractile force created by intercalation of suprabasal cells is transmitted to the basal lamina by apical protrusions of flanking "shoulder cells". We found that, surprisingly, salivary glands (which are genetically closely related to tooth buds, hair follicles, etc.) invaginate without a suprabasal canopy and without cell wedging. Instead, cells shear vertically in an entirely novel process we call "vertical telescoping". This vertical shear is driven by cells coordinately climbing over their more central basal neighbours by means of centripetally directed apical protrusions. Protrusion-driven cell shear unifies vertical telescoping with canopy contraction while explaining the different morphologies observed among a diverse family of epithelial invaginations. Modelling of adhesive interactions is underway. Epithelial cells possess remarkable plasticity, having the ability to become mesenchymal cells through alterations in adhesion and motility (epithelial-to-mesenchymal transition [EMT]). During root growth in tooth development, Hertwig's epithelial root sheath (HERS) is known to produce epithelial cell rests of Malassez (ERM) in harmony with driving the growth of root dentin and periodontal tissue. However, the molecular mechanism of ERM genesis has been controversial between epithelial-mesenchymal transition (EMT) and apoptotic theory for long time. Here, we observed contact inhibition of locomotion (CIL) in the process of ERM genesis from HERS using live cell imaging of root surface. CIL is known as the process through which cells move away from each other after cell-cell contact, and it contributes to malignant invasion of tumor and developmental migration of neural crest cells. The imaging showed that some cells departed from HERS at the crown side of HERS, and migrated into periodontal tissue, and after that, some migratory cells re-aggregated and formed epithelial colonies like ERM. In co-culture experiments of HERS and dental follicle cells, some epithelial pre-migratory cells and migratory cells expressed mesenchymal markers (N-cadherin, vimentin), and whereas non-migratory cells expressed E-cadherin. Tgf-βand ROCK inhibitors stimulated the cell migration and up-regulated the gene-expression of mesenchymal markers. In vitro organ culture, Tgf-βinhibitor and Rho activator inhibited the migration from HERS and induced the elongation of HERS. Based on these results, we coin new hypothesis that ERM develop by the combination of EMT and CIL of HERS during root development, not by the fragmentation of HERS. The observation provides insight into the new molecular mechanisms of epithelial organogenesis, and understanding the mechanisms of root development will contribute to the study of the disease and dental regenerative medicine. The term disorders (or differences) of sex development (DSD) is used to describe congenital conditions in which development of chromosomal and gonadal/anatomical sex is discordant or atypical. 46,XY DSD includes abnormalities of testis determination or undermasculinisation of an XY male due to aberrant androgen signalling. Mutations in known testis-determining genes, such as SRY, SOX9, SF1 and MAP3K1, account for a proportion of cases of defective testis determination in humans. However, it is estimated that around 50% of such cases remain unaccounted for at the molecular genetic level.
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Dynamics of dental epithelial cells using contact inhibition of locomotion via EMT during tooth root development Hidemitsu Harada, Naoki Fujiwara, Keishi Otsu Iwate Medical University, Yahaba, Japan Epithelial cells possess remarkable plasticity, having the ability to become mesenchymal cells through alterations in adhesion and motility (epithelial-to-mesenchymal transition [EMT] ). During root growth in tooth development, Hertwig's epithelial root sheath (HERS) is known to produce epithelial cell rests of Malassez (ERM) in harmony with driving the growth of root dentin and periodontal tissue. However, the molecular mechanism of ERM genesis has been controversial between epithelial-mesenchymal transition (EMT) and apoptotic theory for long time. Here, we observed contact inhibition of locomotion (CIL) in the process of ERM genesis from HERS using live cell imaging of root surface. CIL is known as the process through which cells move away from each other after cell-cell contact, and it contributes to malignant invasion of tumor and developmental migration of neural crest cells. The imaging showed that some cells departed from HERS at the crown side of HERS, and migrated into periodontal tissue, and after that, some migratory cells re-aggregated and formed epithelial colonies like ERM. In co-culture experiments of HERS and dental follicle cells, some epithelial pre-migratory cells and migratory cells expressed mesenchymal markers (N-cadherin, vimentin), and whereas non-migratory cells expressed E-cadherin. Tgf-βand ROCK inhibitors stimulated the cell migration and up-regulated the gene-expression of mesenchymal markers. In vitro organ culture, Tgf-βinhibitor and Rho activator inhibited the migration from HERS and induced the elongation of HERS. Based on these results, we coin new hypothesis that ERM develop by the combination of EMT and CIL of HERS during root development, not by the fragmentation of HERS. The observation provides insight into the new molecular mechanisms of epithelial organogenesis, and understanding the mechanisms of root development will contribute to the study of the disease and dental regenerative medicine. The term disorders (or differences) of sex development (DSD) is used to describe congenital conditions in which development of chromosomal and gonadal/anatomical sex is discordant or atypical. 46,XY DSD includes abnormalities of testis determination or undermasculinisation of an XY male due to aberrant androgen signalling. Mutations in known testis-determining genes, such as SRY, SOX9, SF1 and MAP3K1, account for a proportion of cases of defective testis determination in humans. However, it is estimated that around 50% of such cases remain unaccounted for at the molecular genetic level.
We have used exome sequencing to identify novel candidate genes, mutations in which may account for unexplained cases of 46,XY DSD, with an emphasis on identifying novel human testisdetermining genes. This is a highly complex process that requires strong evidence of causality for particular sequence variants identified. Such evidence may be genetic or draw on in vitro assays. One other major area of evidential support for causality is the use of mouse models. A large number of mouse mutants that model aspects of human DSD have been previously reported. We will describe the use of gene mutation in the mouse, using CRISPR-Cas9 genome editing as well as traditional gene targeting, in order to identify novel genes underlying testis determination in mice and humans. doi:10.1016/j.mod.2017.04.417
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Heterogeneous origin of coronary endothelial cells in avian embryonic heart Tatsuya Kamimura, Toshiyuki Yamagishi, Yuji Nakajima Graduate School of Medicine, Osaka City University, Japan
The major source of coronary endothelial cells (ECs) is reported to be the sinus venosus (SV) or ventricular endocardium in mouse models, whereas coronary ECs are thought to originate from the proepicardial organ (PEO) in avian species. Therefore, the exact origin of coronary ECs remains inconclusive. To clarify the sources of coronary ECs and reconcile the discrepancy between these different observations, we examined the source of coronary ECs in the avian embryonic heart. Double-labeling experiments using a quail-chick chimera, fluorescent dye labeling, and Tol2-mediated EGFP expression were attempted to examine the sources of coronary ECs and the relative contribution of each source to coronary ECs. The PEO consisted of cells populations with at least two origins: SV endotheliumderived inner cells and surface mesothelium-derived cells. The majority of subepicardial ECs, which later contributed to coronary stems, vessels in the ventricular free wall, and the dorsal septal artery, originated from the SV. The ventricular endocardium contributed mainly to the septal artery and a few cells to the coronary stems. Surface mesothelial cells of the PEO differentiated mainly into smooth muscle phenotype, though a few differentiated into ECs. In conclusion, the coronary endothelium had a heterogeneous origin, i.e., the major source of coronary ECs of ventricular free wall including coronary stems appeared to be SV, and the ECs of septal artery, a major coronary artery of the avian heart, were derived mainly from the ventricular endocardium. Our double-labeling experiments reconciled the discrepancy in the origin of coronary ECs between mouse and avian models. The mammalian heart grows primarily by cell proliferation of cardiomyocyte prior to birth. Thereafter, the cardiomyocytes exit the cell cycle and their hypertrophy contributes to increase in myocardial volume. In the recent reports, several candidates of cardiac stem cells have been described in the mammalian adult heart. However, their lineage origin and function remain largely unknown. Among molecular markers for cardiac stem cells, islet-1 has been used to identify a cardiac progenitor cells in various model animals. In mammalian adult heart, islet-1-expressing (islet-1+) cells have been reported to be quiescent and not proliferative. Here, in order to examine a role of islet-1+ cells in Xenopus heart formation, we studied on the behavior of islet-1+ cells in the developing heart from metamorphosing larval stage to adulthood. RT-PCR analysis showed that islet-1 expression in ventricle increased during metamorphosis, and thereafter decreased in froglet heart. In immunostaining analysis, islet-1+ cells were widely detected within the ventricular muscles during metamorphosis, whereas islet-1+cells were found on the cardiomyocytes in the sexually matured adult heart. BrdU incorporation analysis indicated that cell proliferation occurs within ventricular muscles at high level during the climax of metamorphosis, and rapidly decreased after metamorphosis. Immunostaining analyses using anti-islet-1, anti-BrdU and antitropomyosin antibodies revealed that islet-1 + cells in Xenopus adult ventricle have ability to differentiate into cardiomyocyte through cell proliferation. Taken together, these results suggest that islet-1 + cells play a role in myocardial formation of adult heart in Xenopus laevis. Regulation of tube size is critical for luminal capacity, and misregulation is associated with congenital stenotic diseases. The mechanisms underlying tubulogenesis have been derived mainly from studies of aspects of epithelial cell biology, such as epithelial cell polarity, cytoskeleton and differences in cell adhesiveness, that are conserved across common model organisms. While organogenesis progresses by epithelial-mesenchymal interactions, the details of how tubulogenesis is regulated by surrounding mesenchymal cells remain largely unknown. Here, we focused on the trachea, the tubular uppermost region of the airway and an exclusive air passage for the delivery of inhalation flow.
We carried out comprehensive quantitative analyses at scales ranging from single-cell to whole-organ throughout murine tracheal tubulogenesis, and determined that tracheal tubulogenesis is a stepwise process that involves a switch from tube elongation to expansion at E14.5. Furthermore, while tube expansion after E14.5, luminal epithelium underwent dynamic cell rearrangement process including 'apical enlargement' and 'apical emergence' to expand luminal surface area in addition to modest cell proliferation. Our genetic and mechanistic analyses show that mesenchymal Wnt5a-Ror2 signaling orchestrates mesenchymal cell polarity, and myosin phosphorylation in smooth muscle (SM) cells, which is crucial for SM architecture and contractility. Physiological contraction of SM may constrain the tracheal tube to elongate in the antero-posterior direction. We further reveal that proper cartilage development after E14.5 shifts the growth manner from tube elongation to tube expansion and forces passive epithelial cell rearrangements that shape the flat and vast luminal surface. We propose that the stepwise acquisition of oriented mesenchymal cells plays an important role in tracheal tubulogenesis. At the late developmental stage, the cells acquire mature physiological functions in exchange for their highly proliferative ability and differentiation potential. This tissue maturation makes the organs ready for birth. However, the precise timing and comprehensive mechanism of this dynamic process are still unknown.
To elucidate the spatiotemporal orchestration of this tissue maturation, we examined mouse developing trachea as a model. First we analyzed epithelial differentiation and proliferation pattern throughout trachea development. Immunostaining for the epithelial cell markers revealed sequential differentiation of three major epithelial cell types; basal, ciliated, and club cells, after E14.5. For example, basal cells, which work as the progenitor cells in adult, come to express Krt5 from E15.0. On the other hand, BrdU assay unveiled that the proliferation rate of epithelial cells was drastically decreased from 60% to 20% during E14.5 to E16.5. Therefore, we hypothesized that E14.5 is the key time point for beginning tissue maturation in which cell proliferation was diminished coincidently with cell differentiation.
To find out the determinant for tissue maturation, next we conducted Microarray analysis of tracheal epithelial cells from three time points at E14.5, E15.5, and E16.5. As expected, genes associated with cell cycles and DNA synthesis were decreased while CDK inhibitors such as p21 was increased. The time-course data analysis identified three factors (p73, FOXM1, and YAP) as candidate regulators of cell cycles. Now we are trying to find out the common upstream regulator for these factors (master regulator of tracheal tissue maturation) by using IPA (Ingenuity Pathways Analysis). Our final aim in the present study is to elucidate the spatiotemporal orchestration of the tracheal tissue maturation by revealing the signalling pathways that are commonly involved in tracheal epithelial cell proliferation and differentiation. doi:10.1016/j.mod.2017.04.421
